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(54) Improvements in or relating 
to shearing 

(57) In a method of shearing a 
workpiece, for example a metal bil- 
let or bar (6), and apparatus for 
carrying out that method, before 
being subjected to linear shear, the 
billet is first subjected to substantial 
torque about an axis (12) perpendi- 
cular te the plane of shear. The 
billet is held by two pivoting arms 
(9 and 1 4), the predominant torque 
of the first stage of the method is 
achieved by allowing the pivot 
points of fhe arms (39 and 3.8) to 
slide as the arms turn, and the 
predominant shear of the second 
stage is then achieved by arresting 
(54). The parts of the arms (8 and 
1 3) which grip the workpiece may 
bear against a fixed surface (36) 
during the whole operation, §o 
holding the axis of the workpiece to 



a constant location. 




SPECIFICATION 

Improvements in or relating to shearing 

5 This invention relates to a method of shearing, 
and to apparatus to carry out the method. It 
relates especially to the cropping of billets and 
bars of both ferrous and non-ferrous metals. 
Modern cold forging of such billets and bars 

1 0 calls for their shape to be accurate within 
small tolerances, especially in the case of 
billets whose length is not very much greater 
than their depth. By shearing we mean the 
process in which a workpiece is severed by a 

1 5 predominantly shearing action by means of 
members that apply opposed severing forces 
to the outer walls of the workpiece, without 
those members requiring to become inter- 
posed, at any stage of the process, between 
. 20 the parts being severed. Shear applied in this 
simple way is today often incapable of sever- 
ing metal rods and billets with the accuracy 
required for subsequent processes such as 
cold forging: in particular it fails reliably to 

25 achieve the necessary flatness of the severed 
faces and the necessary precision of shape. In 
particular, automated forging processes're- 
quire a square end to a cropped billet in order 
for that billet then to be accurately located in 

30 a die by robots. One well known way of 

improving the accuracy of both of these char- 
acteristics is to precede the shearing action — 
regardless of whether this is to be mainly 
linear or torsional in character — by marking a 

35 peripheral notch around the wall of the work- 
piece to coincide with the intended plane of 
the shear. This process can be effective but is 
time-consuming and therefore expensive. 
Methods and apparatus of shearing have 

40 also been proposed in which a lesser but 
significant component of torsional shear is 
mixed with a predominant linear action. One 
such method and apparatus is described in an 
article by A. A. Loginov on pages 40 to 42 of 

45 Kuznechno-Shtampovochnoe Prazvodstvo, 
Vol. 20, Part 1, 1978. In a typical apparatus 
described in this article the workpiece — a 
metal bar — is gripped by two jaw units axially 
close to each other. Each unit is mounted on 

50 a separate arm, and each arm is mounted to 
pivot about a separate fixed axis. These two 
axes lie parallel to each other and to the axis 
of the bar. To execute the crop, a ram bears 
simultaneously against the two arms in a 

55 direction which bisects at right angles the 
distance between the two pivot axes. The 
arms therefore tend to pivot in opposite rotary 
senses and then the ram force reaches the 
required level the bar shears, nominally in a 

60 plane lying perpendicular to the three axes 
and coinciding with the small axial clearance 
between the two jaw units. The severance of a 
workpiece held by such swinging components 
must clearly be due to a simultaneous mixture 

65 of linear and torsional shear, the proportions 
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of the mixture being dictated by such appar- 
ently fixed dimensions as the separation of the 
pivot axes and the lengths of the arms. 
The present invention arises from realising 

70 in general that a controlled combination of 
torsional and linear shearing can lead to im- 
proved cropping, and in particular that the 
controlled application of torsion at the begin- 
ning of a cropping process can help to define 

75 a plane of separation before separation actu- 
ally takes place. According to the invention, a 
method of shearing a workpiece comprises 
two successive stages, in the first of which the 
workpiece is subjected to torque about an axis 

80 perpendicular to the intended plane of the 
shear, and in the second of which the work- 
piece is subjected to linear shear in that 
plane. The work is preferably held throughout 
the method by two dies lying closely, one to 

85 either side of the shear plane, and the torque 
of the first stage is applied about an axis 
passing through the centroid of a transverse 
section of the workpiece. 
The workpiece may be so supported, that in 

90 the first stage of the method it is subjected 
mainly to torque but also in a lesser degree to 
linear shear, while in the second stage it is 
subjected more to linear shear but less to 
torque. 

95 The invention also includes apparatus to 
carry out such methods. Such apparatus m3y 
comprise two lever arms mounted to pivot 
about parallel axes and each arm carries a jaw 
unit to grip the two parts of the workpiece 

1 00 that are to be severed by the crop. The pivot 
fulcra of the two arms are mounted to slide, 
with stops, preferably adjustable, to limit the 
extent of such sliding movement; during the 
first stage of the method the fulcra slide until 

105 they meet the stops, after which the fulcra are 
fixed during the second stage of the method. 
A controlled resistance may be provided to the 
sliding travel of the pivot fulcra, whereby to 
regulate the proportion of torque to linear % 

1 10 shear in the first stage of the method. 

The directions of sliding travel of the two 
fulcra may be parallel, and preferably co- 
linear. The apparatus may also include a slide, 
mounted to bear against the jaw unit end of 

1 1 5 at least one of the lever arms, whereby to 
impart relative movement to the arms in both 
stages of the method. The slide preferably 
bears against both lever arms so as to pivot 
them in opposite rotary senses, and is 

1 20 mounted to slide along a path that intersects 
the axis of the workpiece at right angles. 

The workpiece may typically be ferrous or 
non-ferrous metal rod or bar, of round, poly- 
gonal or other axisymmetric section, including 

1 25 hollow sections. 

The invention is also stated by the claims at 
the end of this specification and will now be 
described, by way of example, with reference 
to the accompanying simplified drawings in 

130 which:- 



• 



2 
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Figure 1 is an end elevation of one appa- 
ratus; 

Figure 2 is a similar view of the same 
apparatus but in the opposite direction, with 
5 an end plate removed and with some internal 
parts shown in section, and 

Figure 3 is a pictorial perspective view of 
another apparatus. 
The a PP aratus comprises a chamber 
10 bounded by flat end plates 1 and 2 held apart 
by bolts 3 which engage with threaded re- 
cesses 4 in plate 2. Plates 1 and 2 are formed 
with elongated cavities 5 to accommodate a 
m square-sectioned workpiece 6. 
1 5 Inside the apparatus the workpiece is held 
by two cropping jaw or die units presenting a 
square hole to receive and hold the work- 
piece. These units are shown as being of one 
piece, but composite units of more than one 
*0 piece are possible. The first unit 7 is mounted 
m the circular head 8 of an arm 9, the tail 
end 10 of which is rounded. The other cropp- 
ing jaw unit 1 1 is visible in Fig. 1, but not in 
Fig. 2, where it lies directly behind unit 7 in 
^5 the direction of the axis 1 2 of workpiece 6. 
Jaw. unit 1 1 is held by the circular head 13 of 
a second arm 14 having a rounded end 15. 
The necessary positive grip between each jaw 
unit and its arm, preventing relative move- 
30 ment between the unit and the head of the 
arm in use, may be effected in many ways 
well known in the art, for instance by means 
of clamping rings as shown in Fig. 3. Ends 
10 and 15 are mounted in matching rounded 
^b sockets in pistons 16 and 17 respectively, so 
that arms 9 and 1 4 may pivot about axes 1 8 
and 19 which lie parallel to each other and to 
axis 12. Pistons 16 and 17 are mounted to 
slide in cavities 20 and 21 which share a 
common axis 22. Cavities 20 and 21 contain 
stop screws 23 to control the possible extent 
of travel of pistons 16 and 1 7; the cavities are 
also filled with hydraulic fluid under pressure 
_ from sources 27 by way of conduits 24 and 
4b 25 and valves 26, so that by controlling the 
valves 26 the resistance to sliding movement 
of pistons 1 6 and 1 7 may be varied. 

When workpiece 6 is in place, held by 
cropping jaw units 7 and 1 1, the cropping 
bO force is supplied by a slide 28 located within 
a cylindrical guide 29 carried by end plate 2 
and prevented from rotation by a pin-and-slot 
device 30. Slide 28 bears simultaneously 
against the heads 8 and 13 of arms 9 and 
bb 14. In the first stage of the cropping process, 
as slide 28 descends, the pistons 16 and 17 
are forced up their respective cavities 20 and 
21 so that the workpiece undergoes signifi- 
cant torque about axis 12, together with a 
ou proportion of shear in a direction parallel to 
the movement of the slide, this proportion 
being determined by whatever resistance to 
the movement of pistons 1 6 and 1 7 is cre- 
ated by the hydraulic circuits and in particular 
" the setting of valves 26. When pistons 16 



and 1 7 meet stops 23 the pivot axes 1 8 and 
1 9 become fixed, and thereafter the method 
enters its second stage in which the action of 
jaw units 7 and 1 1 upon workpiece 6 is 
70 predominantly one of linear shear, with a 
minor proportion of torque due to the essen- 
tially rotary geometry of the arms by which 
the jaws are carried. When the workpiece has 
severed, the arm heads 8 and 1 3 may come 
75 to rest on a resilient pad 31 carried by face 1; 
compression springs 32 then return the arms 
to their starting positions which are defined by 
set screws 33. 

It will have been apparent that each cycle 
80 of operation of the apparatus shown in Figs. 1 
and 2 requires the workpiece 6 to move 
bodily downwards as a crop takes place, and 
then upwards again in preparation for the next 
crop. Such continual vertical movement of the 
85 workpiece may be inconvenient, especially if 
the workpiece is long. With the apparatus of 
Fig. 3 such movement is avoided. In this 
apparatus jaw units 7 and 1 1 (unit 1 1 is not 
shown) are mounted in the heads 8 and 1 3 -of 
90 arms 9 and 1 4 as before, and the drawing 
shows a clamping flange 35 (already men- 
tioned) by which a positive lock between unit 
7 and head 8 is achieved in use; a similar 
flange (not shown) locks unit 1 1 to head 1 3 
95 In use, however, arm heads 8 and 13 bear 
constantly against the upward-facing surface 
36 of a fixed base unit 37, so that the vertical 
location of the workpiece axis 1 2 remains 
inn substantia,| y constant. To enable this con- 
100 stancy to be achieved the tail ends 1 5 and 10 
of arms 14 and 9 are mounted respectively 
on pivot bars 38 and 39. These bars are 
mounted to slide respectively in horizontal 
slots 40 and 41 formed in flanges 42 and 43 
105 mounted at each side of a framework 44 
which also includes spacers 45, longitudinal 
members 46 and end plates 47. At each side 
of frame 44 the flanges 42 and 43 define a 
vertical slot, in which an apertured plate 48* 
110 mounted on base unit 37 makes a sliding fit. 
Fig. 3 shows framework 44 and base 37 in 
the relative positions that they occupy when a 
crop is about to begin, with the framework at 
the highest position relative to the base that it 
1 1 5 occupies at any time during the cropping 
cycle. To make the crop, a ram 50, similar in 
function to slide 28 of Figs. 1 and 2, de- 
scends vertically and bears against the upper 
surfaces of framework 44 to force it down- 
120 wards relative to base 37 so that plates 48 
slide within the slots defined between flanges 
42 and 43 and the upper edges 51 of the 
plates 48, approach the level of the upper 
edges 52 of the flanges. In the first stage of 
125 the descent of the framework 44, the pivot 
bars 38 and 39 are free to slide horizontally 
outwards in their slots 40 and 41. The work- 
piece held in jaw units 7 and 1 1 thus under- 
goes significant torque about axis 1 2, to- 
1 30 gether with a minor proportion of shear in a 
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direction parallel to the movement of ram 50, 
this proportion being determined by whatever 
resistance is presented to the sliding of bars 
38 and 39 by adjustable polyurethane springs 
5 53. As before, the first stage of the cropping 
operation ends when pivot bars 38 and 39 
meet adjustable stops 54, and as framework 
44 continues to descend, thereafter the effect 
upon the workpiece is predominantly one of 
10 shear. Once the crop is complete the severed 
end of the workpiece falls clear of the appa- 
ratus through the aperture in plate 48, ram 
50 is withdrawn upwardly, and springs 35 
serve to return framework 44 to the position 
1 5 'relative to base 37 in which it is shown in Fig. 
3. The workpiece will then of course be 
advanced axially within jaw units 7 and 1 1 to 
* present another length for cropping. 

Tests suggest the first, essentially torsional 
20 stage of the method tends to create an accu- 
rate transverse plane of weakness within the 
workpiece, which then readily severs in the 
following linear shearing stage of the method. 
It also appears that the first stage is economi- 
25 cal in power consumption, and by weakening 
the workpiece, enables a cropping machine of 
given slide force to crop workpieces of.greater 
section than it would have been able to do 
had it been able to perform only the second 
30 stage of the method. 

It may be desirable to have the facility for 
easily altering the setting of each jaw unit 
within its arm, for instance so that the diago- 
nals of the square-section workpiece shown in 
35 the Figures may be set to some orientation 
other than vertical and horizontal. Such facil- 
ity is easy to provide if the units and arms are 
held together by clamping rings as shown in 
Fig. 3, and for positive engagement each jaw 
40 unit may present a male conical surface to 
engage against a corresponding female sur- 
face of the arm (not shown). 

While the invention has been described 
with reference to the cropping of workpiece of 
45 polygonal section, where the cropping jaws or 
dies may register positively with the work by 
reason of their polygonal shape, the invention 
applies also to cropping of workpieces of 
circular section where the jaws may require to 
50 grip the work. 

CLAIMS , . 

1 . A method of shearing a workpiece com- 
prising two successive stages, in the first of 

55 which the workpiece is subjected to substan- 
tial torque about an axis perpendicular to the 
intended plane of the shear, and in the sec- 
ond of which the workpiece is subjected to 
less torque but also to substantial linear shear 

60 in that plane. 

2. A method of shearing according to 
Claim 1 in which the workpiece is held 
throughout by two dies lying closely one to 
either side of the shear plane. 

65 3. A method of shearing according to 



Claim 1 in which in the first stage the work- 
piece is subjected mainly to torque but also in 
a lesser degree to linear shear, while in the 
second stage it is subjected more to linear 
70 shear but in a lesser degree to torque. 

4. A method of shearing according to any 
of the preceding claims in which the work- 
piece is so held that the axis, about which it is 
subjected to torque during at least the first 

75 stage, maintains a substantially constant loca- 
tion throughout the method. 

5. Apparatus for carrying out a method of 
shearing according to Claim 1 , comprising 
two lever arms mounted to pivot about paral- 

80 lei axes, in which each arm carries a jaw unit 
to hold the workpiece and in which the pivot 
fulcra of the two arms are mounted to slide 
during the first stage of the method, and in 
which stops are provided to prevent such 

85 sliding during the second stage. 

6. Apparatus according to Claim 5 in 
which the stops are adjustable so that the 
extent of sliding can be varied. 

7. Apparatus according to Claim 5 in 

90 which a controllable resistance is provided to 
oppose the sliding movement of the pivot 
fulcra, whereby to regulate the degree of 
torque experienced by the workpiece in the 
first stage of the method. 

95 8. Apparatus according to Claim 5 in 
which the directions of sliding movement of 
the two fulcra are parallel. 

9. Apparatus according to Claim 8 in 
which the directions of sliding travel are co- 

100 linear. 

10. Apparatus according to Claim 5 in- 
cluding a slide, mounted to bear against the 
jaw unit end of at least one of the lever arms, 
whereby to impart relative movement to the 

105 arms in both stages of the method. 

1 1 . Apparatus according to Claim 5 com- 
prising a base unit and a framework mounted 
upon it for relative sliding in a direction paral- 
lel to the intended plane of shear, in which 

1 1 0 the pivot fulcra of the arms are mounted jjpon 
the framework and in which the jaw unit ends 
of the arms are adapted to bear against the 
base unit during operation, whereby the work- 
piece axis is held to a substantially constant 

1 15 location. 

12. A method of shearing according to 
Claim 1, substantially as described with refer- 
ence to the accompanying drawings.) 

1 3. Apparatus according to Claim 5, sub- 
1 20 stantially as described with reference to the 
accompanying drawings. 
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